Memorandum
Date: Januan?7, 2014

From: Naveen JuvvaManish Jain, and David Rod&ECOM)

To: Scott Ramming (DRCOG)

Re:  Assess Choice Sensitivity to Model Representations of PH&atus of Work
1. Background

This memorandum describes the status of the ongoing work as part of Task D of the DRCOG Focus
Model Price Sensitivity Refinements study. The task is concerned with assessing choice sensitivity to
FOCUS model representations ofcpd. The work done so far has assessed the skimming and
assignment steps of the FOCUS model for their sensitivity to representation of prices in the form of
value of time (VOT).

For the purpose of this task, highway and transit networks correspondirttetdlorthwest Area

Mobility Study (NAMS) 2010 FOCUS calibration modekaraused. FOCUS tour distribution is not

adjusted to match FRTC data. Highway trip tatlese not factored after the Trip Time of Day step and

prior to highway assignment. The latest version of GISDK developed for the FOCUS model, referred to as
FOCUS GISDK, is used. FOCUS executablestbatodified to stabilize the randomness in the tour

andtrip mode choice componentre used for this study. This version of the FOCUS 2010 model is

referred to by AECOM as Calib36.

The different representations of pricegere assessed by comparing the results of highway assignment
with traffic counts on tolldcilities. Traffic counts during various time periods of the waye provided

by DRCOG for the4&0 (at A, B, C, D and E toll plazas), Northwest Parkway (east of Sheridan Parkway,
at Main plaza west of Lowell Boulevard, and west o28%), and 25 (at58th Ave. and 70th Ave.).

2. Current Model Representation of Prices

The FOCUSodel value of time defaults a®0.2 per minute ($12/hour)and $0.1 per minute($6/hour)

for peak and ofppeak periodsrespectivelyThe toll rates and value of time are assumede the same
across the three occupancy class€ke value of time for commercial vehicles is assumed to be twice

the value of time for passenger vehicles. The resulting daily highway travel demands on the toll facilities
in the region are significantlpwer than counts, as shown in Table 1 below.



Tablel. FOCU®alib3 Daily Highway Travel Demand

ocaion cout | 0555 | rom coun
E470: @ Toll Plaza A 38,916 13,622 -65%
E470: @ Toll Plaza C 16,457 1,527 -91%
E470: @ Toll Plaza D 19,755 5,540 -72%
E470: s/o Jewell Ave @ Toll Plaza B 26,647 1,652 -94%
E470: w/o Riverdale Rd @ Toll Plaza E 15,993 1,831 -89%
Northwest Pkwye/o Sheridan Pkwy 864 10 -99%
Northwest Pkwy Main Plaza w/o Lowell Blvd 8,508 784 -91%
Northwest Pkwyw/o US287 2,566 2,804 9%
[-25: 58th Ave 12,833 7,857 -39%
[-25: 70th Ave 12,809 3,217 -75%
Average Corridor Flows
EA470 23,554 4,834 -79%
Northwest Pkwy 8,508 784 -91%
I-25 12,821 5,537 -57%
All 14,961 3,719 -75%

* Reflects demand in AM and PM periods, as the lanes are closed to all traffigea&fiThis

applies to all FOCUfSsignments.

*The mainline toll location volumes are used to estimate average corridor flow for Northwest Parkway

Some of the differences between counts and modeled tolled trips are due to differences in
representation of tolling in the FOCUS model fritvd actual operations on the ground. Some of them

are identified as below:

9 Thetoll on F25in the FOCUS modislestimatedbasedon distancetraveled The tolls on &70
and NWP in the model are coded at the gantries, but do not differ by vehicle clpagraent
method. So the tolbn -470 and NWHs not strictly distancévased. Only the vehicles passing
through the toll links experience the co€n ground the toll charge varies by the time of day
(for I-25) or by vehicle class (fordZ0)and maynot entirely depend on the distance traveled
(e.g. the tolls on-B5 are fixed regardless of distance travelled and the tolls-d4dEand
Northwest Parkway are charged at main line plaza and ramp plazssjolls also differ by
method of paymentThe E470users pay a 20% discounted toll if they have a transponder. The
express toll account discount rate is 5% for Northwest Parkway toll payers &3@P4a 5or 125
users.The coded tolls in the model are meant to deveightedaverage of the tolls charged
during the peak or ofpeak periods by time interval and payment method (75% of vehicles have

transponders).



1 1-25 reversible toll lanes are open for traffic between 5:00 am to 10:00 am in southbound
direction, and between noon and 3:00 am in northbound direati.e. the toliroad is open and
tolled for 20 hours in a day. In the FOCUS model, the facility is open for AM (6:30 AM to 9:00
AM) and PM (3:00 PM to 7:00 PM) peak periods and is closed to all traffic in-{heaif{9:00
AM to 3:00 PM, and 7:00 PM to3® AM) period . Due to this difference in modelirigpltoll
lanes, 125 usage is underestimated in the FOCUS model and its response to VOT wuariation
expected tobe limited.

Due to these differences between actual and modeleddiodirges the trafficvolumes from model
cannot be directly compared to the countRegardless, the tests discussed below provide valuable
insights into the sensitivity of the FOCUS model to prices.

3. Sensitivity of Highway Assignment to Value of Time (VOT)

Highway demand for edn of the 10 time periods assigned usingeroand infiniteVOT Ths sensitivity
testis performedto verify that the results of current values of time in the FOCUS model lie within the
range of results from zer@est A and infinite(Test B VOT Zeo VOT represents the scenario where
travelers aim to minimize total cost consisting of tolls and distarased auto operatingosts(i.e., no
travel time considerations)infinite VOT represents the other end of the travel cost objective, where
the traveler aims to minimize only travel tinfee., costs are ignoredJhe zero and infinite value of time
were modeled by using a very 10W.00000) and very high value of tim&¢9999 in the FOCUS model.
The assignment with zero VOT results in zero defrfar the tolled facilities in the regiofhe highway
assignment results for Test A and Test B are shown in Table 2 below.

Table2. FOCUS Daily Highway Travel Demand with Assignmeirtgzero andinfinite VOT

% %
Location Test A Court FO_CUS Test B Difference| Difference
Calib36 from from

Count Calib36

E470: @ Toll Plaza A ol 38916 13,629 129,170 23204 848%

E470: @ Toll Plaza C o| 16,457 1,527 49,440 20004 31379

E470: @ Toll Plaza D 0| 19,755 5,540 64,748 228%  1069%

E470: s/o Jewell Ave @ Toll Plaza B 0 26,647 1,652 72.696 173% 4300%

E470: w/o Riverdale Rd @ Toll Plaz 0 15,993 1,831 43,236 170% 29610

Northwest Pkwye/o Sheridan Pkwy 0 864 10 4.604 43304 462289

Northwest Pkwy Main Plaza w/o
Lowell Blvd 0 8,508 784 45,400 434% 56879

Northwest Pkwyw/o US287 0 2566 2,804 10,094 2934  260%

I-25: 58th Ave 0| 12,833 7,857 22,809 78%  190%




-25: 70th Ave 0| 12809 3217 12377 3%  285%
Average Corridor Flows

470 0 23554 4834 71,858 2059 13869
Northwest Pkwy o| 8508 784 45400  434% 56879
25 of 12821 5537 17,593 379%  218%
All of 14961 3719 44950 2009 11099

SeverahdditionalVOTtestswithin highway assignmentere conducted. Test Gassigned tghway
demandusing twice the value of time in theurrent DRCOG FOCUS ma@el, $24/hour and$12/hour
during peak and ofpeak periods, respectivelyThe resulting corridr demands are shown in Table 3.
The demand of=470 and Northwest Parkwdgcilities with twice the VOT @gnificantlycloser to

countsthan in Calib8.

Table3. FOCUS Daily Highway Travel Demand with Assignment using ©atie3 VOT

E470: @ Toll Plaza A 38,916 13,622 61,455 58% 351%
E470: @ Toll Plaza C 16,457 1,527 24,798 51% 1524%
E470: @ Toll Plaza D 19,755 5,540 55,023 179% 893%
E470: s/o Jewell Ave @ Toll Plaza B 26,647 1,652 37,644 41% 2178%
E470: w/o Riverdale Rd @ Toll Plaz 15,993 1,831 32,065 101% 1651%
Northwest Pkwye/o Sheridan Pkwy 864 10 5,753 566% 577879
Northwest PkwyMain Plaza w/o

Lowell Bivd 8,508 784 24,242 185% 29909
Northwest Pkwyw/o US287 2,566 2,804 10,290 301% 267%
[-25: 58th Ave 12,833 7,857 28,238 120% 259%
[-25: 70th Ave 12,809 3,217 10,232 -20% 218%
Average Corridor Flows

E470 23,554 4,834 42,197 79% 773%
Northwest Pkwy 8,508 784 24,242 185% 29909
I-25 12,821 5,537 19,235 50% 247%
All 14,961 3,719 28,558 91% 668%

The hghway assignmemnwasalso tested withusingdifferent VOTby incomecategoy ¢ low, medium
and high The FOCUS procedwrasmodified as follows to assign highway demand by income:



The FOCUS stored procedure to select trips to be written to Trane@#iodified to write out
trips by the three income categories. The Highway Time of Day GISDKvssidgtveloped to
combine these trip tables into the same matrix files that are assigned (with extra matrix cores).
The highway assignment scripgasmodified to assign trips byncome. The procedureas

testedby duplicating the same link flows using tbeemevalue of ime as in the DRCOG FOCUS
model for each income catego(gs a control case)

Several sensitivity testas described belowyere performedusing different VOT values by income.

TestD: The DRCOBOCUS value of time defaultstd®/ hour and $6/ hour for peak and ofjpeak periods
were used for medium income, but the high and low incokf@Twere assumed to be equal to those
from the COMPAS8.0 model. The high income VO¥asassumed to be twicthe VOT for medium
income($24/ hour during peak an&12/ hour during offpeak) andthe low income VOWasassumed to
be two-thirds of the medium income VO®8/ hour during peak an&4/hour during offpeak) The
COMPAS&.0model does not vary VOT by income duringpeak periodHowever, as mentioned
above, offpeak value of timavasassumed to be half that of peak value of time for sensitivity testing.
VOT for airport tripsvasassumed to b&30/ hour during peak and ofpeak periodsThe results are
shown in Table 4The E470 and Northwest Parkway demaitgtreases by a magnitude of three to five
foldsfrom using the COMPASS model value of time, thus bringing them closer to counts. Ho®Bver, |
toll usagestays at Calib36 levels.

Table4. FOCUS Daily Highway Travel Demand with Assignment using VOT from COMPASS Model

coun | E0GUS [ resrp [t DMt iten
E470: @ Toll Plaza A 38,916 13,622 24,968 -36% 83%
E470: @ Toll Plaza C 16,457 1,527 11,17¢ -32% 631%
E470: @ Toll Plaza D 19,755 5,540 19,171 -3% 246%
E470: s/o Jewell Ave @ Toll Plaza B 26,647 1,652 11,458 -57% 593%
E470: w/oRiverdale Rd @ Toll Plazg 15,993 1,831 8,960 -44% 389%
Northwest Pkwye/o Sheridan Pkwy 864 10 352 -59% 34449
Northwest Pkwy Main Plaza w/o
Lowell Blvd 8,508 784 4,381 -49% 458%
Northwest Pkwyw/o US287 2,566 2,804 3,978 55% 42%
[-25: 58th Ave 12,833 7,857 7,715 -40% -2%
[-25: 70th Ave 12,809 3,217 3,343 -74% 4%
Average Corridor Flows
E470 23,554 4,834 15,145 -36% 213%
Northwest Pkwy 8,508 784 4,381 -49% 458%
I-25 12,821 5,537 5,529 -57% 0%




All 14,961 3,719 8,352 -44% 125%

TestE The VOT based on the analydimeas part ofTask Amemo titleddUS 36 Stated Preference

{ dzNBSe& =z f dzS @aBusedintiSHighwayAssrimkriPeak VOWas$12.6hour and off

peak VOTWas$14.4 hour for allincomecategoriesVOT for DIA tripgrasassumed to be 95% tfie

medium income VOT during peak pes@hd 115% ofhe medium income VOT during gfeak period.

The resultdrom this testare shown in Table The E470 and Northwest Parkway demands get a boost
(30-75%) from using the COMPASS model value of time, but not enough to bring them closer to counts.
I-25 toll usage stays at Calib36 levels.

Table5. FOCUS Daily Highway Travel Demand with Assignrasimg VOT from US 36 Stated Preference Survey

E470: @ Toll Plaza A 38,916 13,622 16,824 -57% 24%
E470:@ Toll Plaza C 16,457 1,527 4,722 -71% 209%
E470: @ Toll Plaza D 19,755 5,540 11,857 -40% 114%
E470: s/o Jewell Ave @ Toll Plaza B 26,647 1,652, 3,806 -86% 130%
EA470: w/o Riverdale Rd @ Toll Plaz 15,993 1,831 5,189 -68% 183%
Northwest Pkwye/o Sheridan Pkwy 864 10 75 -91% 656%
Northwest Pkwy Main Plaza w/o

Lowell Bivd 8,508 784 1,063 -88% 35%
Northwest Pkwyw/o US287 2,566 2,804 5,449 112% 94%
[-25: 58th Ave 12,833 7,857 7,931 -38% 1%
[-25: 70th Ave 12,809 3,217 3,235 -75% 1%
Average Corridor Flows

E470 23,554 4,834 8,480 -64% 75%
Northwest Pkwy 8,508 784 1,063 -88% 35%
[-25 12,821 5,537 5,583 -56% 1%
All 14,961 3,719 5,042, -66% 36%

TestE VOTwasvaried bypurpose and incomavithin the FOCUS highway assignmenhecost and

IVTT coefficients in the Tour Mode Choice model by purpose and inceneeeviewed. VOT for low,

medium and highincomehome-based work (HBW) tripgere established based on the IVaiid cost
coefficients. VOT for school (HBS), escort (HBE), fvased other (HBO) tours and work based
subtourswere pivoted off the threeHBWpurpose VO3 In essence, the VOT assumpisan the Tour

Mode Choiceverereflected in this testThe purposéncome categories were assigned to the nearest

one of the three VOT categories ($5/hour, $10/hour, and $15/hour), with exceptions such as HBE and
work subtour that were rounded up (ceilirgperation) to the higher VOT. The HBO model includes
income stratification. The Tour Mode Choice assumes a single value of time for low and medium income



HBO tours, and a different VOT for high income HBO tours. Test F assumes a single value of time of
$5/hr for HBO tours made by all three income classes.

The FOCUS stored procedure to select trips to be written to Trans@#&bodified to write out trips by
three purposeincomecategories.The three VOT categories ($5/hour, $10/hour, and $15/hour) for
various purpose and income combinations ah®wn inTable6, along with VOT used in the Tour Mode
Choice

The highway assignment resuétse shown in Table 7Tests C, D, E and#ggest that the FOCUS
highway assignment is highly sensitive to valugné by purpose and incomédest D is better for£
470, and for the NWP mainline tolls. Test F is better for the NWP ramp tolls. The variation-2bthe |
Express Lanes demand candigibuted to model noise. The demand in th23 general purpose lanes
is higher inTest F than in Test D in gféak period, lower in peak period, and higher at the daily level.

Table6. VOT by Purpose and Income

Tour Mode Choice TestF

Purpose Income VOT ($/hr) | VOT ($/min) | VOT ($/hr) VOT ($/min)

Low 4.80 0.08 5.00 0.08

HBW Medium 10.08 0.17 10.00 0.16
High 14.29 0.24 15.00 0.24

HBS 3.80 0.06 5.00 0.08
HBE 6.00 0.10 10.00 0.16
Low 2.38 0.04 5.00 0.08

HBO Medium 2.38 0.04 5.00 0.08
High 4.55 0.08 5.00 0.08

Work Based Subtour 6.87 0.11 10.00 0.16

Table7. FOCUS Daily Highway Travel Demand with Assignrasimg VOT by Purpose and Income

Location Count | Coibas | TSF | from Gountfrom Calbag
E470: @ Toll Plaza A 38,916 13,622 15,341 -61% 13%
E470: @ Toll Plaza C 16,457 1,527 7,925 -52% 419%
E470: @ Toll Plaza D 19,755 5,540 14,794 -25% 167%
E470: s/o Jewell Ave @ Toll Plaza B 26,647 1,652, 7,045 -74% 326%
E470: w/o Riverdale Rd @oll Plaza E 15,993 1,831 6,910 -57% 277%
Northwest Pkwye/o Sheridan Pkwy 864 10 181 -79% 17249




Northwest Pkwy Main Plaza w/o

Lowell Bivd 8,508 784 2,261 -73% 188%
Northwest Pkwyw/o US287 2,566 2,804 3,672 43% 31%
[-25: 58th Ave 12,833 7,857 7,126 -44% -9%
[-25: 70th Ave 12,809 3,217 2,989 -T7% -1%
Average Corridor Flows

E470 23,554 4,834 10,403 -56% 115%
Northwest Pkwy 8,508 784 2,261 -73% 188%
I-25 12,821 5,537 5,058 -61% -9%
All 14,961 3,719 5,907 -61% 5%

4. Sensitivity of Highway Skimming to Value of Time (VOT)

TestFin the section above tested the sensitivity of the FOCUS highway assignment to VOT by purpose

and income. This section discusses the sensitivity of the FOCUS skimming process to VOT by purpose and
income.

The highway skimsere generatal using VOT by dérent incomepurpose categorieéTable 6) The
Generalized Time calculatievasmodified, using a GISDK script, to read in the skims by the three
purposeincome categories. With the skimming procedure modified to consider VOT by purpose and
income,tour mode choice through highway assignmevdre re-run using existing (fixed) activity
patterns and locationsTwo sets of highway assignmemtsre run: Test G and Test H.

TestG: Highway Skimmingiasdone wsing VOT by purpose and income and the neyinay tripswere
assigned using DRCOG FOCUS defaultff@hidur during peak an&6/ hour during offpeak for all

trips). The resultsshown in Tabl@, suggest that the FOCUS skimmémgl tour mode choice through

trip table generation process general insensitive to value of time changes. The ztmgone skim
values change slightly for a number of interchanges, but these changes do not appear to have much
impact on the tour or trip mode choice, intermediate stop locations, or time of day resuitsedn in
Table 8, the resultintpll facility volumes do not deviate significantly from Calib36

Table8. FOCUS Daily Highway Travel Demand with Skimragigg VOT by Purpose and Income

E470: @ Toll Plaza A 38,916 13,622 14,202 -64% 4%
E470: @ Toll Plaza C 16,457 1,527 1,598 -90% 5%
E470: @ Toll Plaza D 19,755 5,540 5,850 -70% 6%
E-470: s/o Jewell Ave @oll Plaza B 26,647 1,652, 1,759 -93% 6%
E-470: w/o Riverdale Rd @ Toll Plaz 15,993 1,831 1,901 -88% 4%




Northwest Pkwye/o Sheridan Pkwy 864 10 11 -99% 10%
Northwest Pkwy Main Plaza w/o

Lowell Bivd 8,508 784 834 -90% 6%
Northwest Pkwyw/o US287 2,566 2,804 2,928 14% 4%
[-25: 58th Ave 12,833 7,857 7,942 -38% 1%
[-25: 70th Ave 12,809 3,217 3,146 -75% -2%
Average Corridor Flows

E470 23,554 4,834 5,062 -79% 5%
Northwest Pkwy 8,508 784 834 -90% 6%
I-25 12,821 5,537 5,544 -57% 0%
All 14,961 3,719 3,813 -75% 3%

TestH: Highway Skimmingiasdone using VOT by purpose and incoanel the new highway tripgere
assigned usingOT by purpose and inconfas used for highway skimmingjhe resultsshown in Table
9, are compared to Test F to show the incremental impact of skimming using VOT by purpose and
income The results suggest thaarying VOT by purpose aimcome in both skimming and assignment
processes does not improwgon varying/OT by purpose and income in the assignment proalesse
This confirms the above finding thaalue of time changes IROCUS skimmirig not have a significant
impact on thetrip tables used for the highway assignment

Table9. FOCUS Daily Highway Travel Demand with SkimraimdjAssignment using VOT by Purpose and Income

e % Difference
Location Count Test F TestH Difference 0
from Test F
from Count

E470: @ Toll Plaza A 38,914 15,341 14,212 -63% 7%
E470: @ Toll Plaza C 16,457 7,925 7,840 -52% -1%)
E470: @ Toll Plaza D 19,755 14,794 14,791 -25% 0%
E470: s/o Jewell Ave @ Toll Plaz 26,647 7,045 6,740 -75% -4%
E470: w/o Riverdale Rd @ Toll

15,993 6,910 6,838 -57% -1%
Plaza E
Northwest Pkwye/o Sheridan Pkw 864 181 204 -76% 13%
Northwest PkwyMain Plaza w/o

8,508 2,261 2,251 -74% 0%

Lowell Bivd
Northwest Pkwyw/o US287 2,566 3,672 3,133 22% -15%
[-25: 58th Ave 12,833 7,126 6,750 -47% -5%)
[-25: 70th Ave 12,809 2,989 2,849 -78% -5%)
Average Corridor Flows
E470 23,554 10,403 10,084 -57% -3%)




Northwest Pkwy 8,508 2,261 2,251 -74% 0%
[-25 12,821 5,058 4,799 -63% -5%
All 14,961 5,907 5711 -62% -3%

In an attempt to understand the negligible impact of VOT in skimming on toll facility demands, the

highway skims by the three inconmirpose categories (and hence the three VOT categories) are

assessed. Minimum impedance paths are built using skims gextkwath different VOT. Two sets of O

5 y2RSa NB OKz2aSy (2 (Sad GKS aSyairiragride 2F GKS
toll corridors (Northwest Parkway2R5 and E470). TablelO below shows the distance, time and

breakdown of cost for the minimum impedance path based on peak period impedance. Higlnawvs

the minimum impedance paths for the nogair 703512160 in Calib36, Test A and Test B scenarios.

Paths are built for the AM2 period (7:00 AM to 8:00 AM). Fig@sleows the miimum impedance paths

for the nodepair 703512160 in Calib36 and Test C scenarios. Figsh®ws the minimum impedance

paths for the nodepair 703512160 by income category in Test G/H scenarios. Node 7035 represents

the intersection of E 12bAvenue ad Colorado Boulevard in Thornton. Node 12160 represents the
intersection of Colfax Avenue and N Speer Boulevard in Denver CBD. In the zero VOT case (Test A), the
path avoids-25 as the objective is to minimize the toll cost and distance but not travel tonversely,

the path with infinite VOT (Test B) tries to minimize the travel time with no regard for toll cost. The path

in the Calib36 scenario is a mix of arterials (Colorado Boulevard and Thornton Parkway), and tolled and
un-tolled highway since thebjective is to minimize the composite impedance of toll, travel time and
distance costs. The path in Test C (twice Calib36 VOT) is similar to that in Test B. The path of low income
travelers in Test G is similar to that with zero VOT, while that ofihn@gme travelers is similar to that

with infinite VOT. The medium income path is similar to that in Calib36.



Figures4, 5 and 6 show the paths for the same scenarios for the 712878 node pair. Node 7122

represents the intersection of Northwest Parkway and & S6in Louisville. Node 14878 represents the
intersection of E 58 Ave and E70. The findings for this node pair aienilar those for the 70382160

node pair. In the zero VOT case, the path avoidgEin order to minimize toll cost and avoids the extra
distance to travel by US6. Conversely, the path with infinite VOT makes the most used@DEand

Northwest Parkwy. The path in the Calib36 scenario is a result of minimizing the compaosite impedance.
The path in Test C is similar to the path in Test B. The path of low and medium income travelers in Test G
is similar to the Calib36 path, while that of high inconmavélers is similar to the path in Test B.

Table10. Minimum Impedance Path CostsSensitivity to VOT

AM2 Highway Skims - Sensitivity to Value of Time
Shortest paths based on Imp_Pk

Nodes Calib36 Calib36 Skims by incpurp
O D original  zeroVOT infiniteVOT twiceVOT  |LI MI HI
7035 1216gVOT 0.2 0.000001. 99999¢ 0.4 0.08 0.16 0.24
120th  Colfax and SpeebIST 15.66 13.54 15.63 15.91 14.06 15.28 15.91
Thornton CBDOTime 31.99 37.92 27.06 31.09 36.09 32.55 31.09
TollCost 0 0 19.2 0 0.00 0 0
AutoOpCost 2.74 2.03 2.88 2.95 211 2.63 2.95
Totcost 2.74 2.03 22.08 2.95 2.11 2.63 2.95
Imp_Pk 9.14 2.03 27,059,995.02 15.39 5.00 7.84 10.41
Nodes Calib36 Calib36 Skims by incpurp
(0] D original  zeroVOT infiniteVOT twiceVOT  |LI MI HI
7122 1487§VOT 0.2 0.000001. 99999¢ 0.4 0.08 0.16 0.24
NW Pkwy at 96tnh 56th & E-470DIST 29.89 31.66 30.72 30.09 29.88 29.88 30.71
Louisville AdamgTime 48.77 64.37 24.06 24.47 49.12 48.89 28.75
TollCost 0 0 4.91 4.91 0.00 0 3.72
AutoOpCost 5.13 4.76 6.08 5.85 5.08 5.11 5.74
Totcost 5.13 4.76 10.99 10.76 5.08 5.11 9.46
Imp_Pk 14.88 4.76 24,059,986.93 20.52 9.01 12.93 16.36




Figurel. Minimum Impedance Paths for the NodRair 703512160 in Calib36, Test A and Test B Scenarios

Zero VOT (Test A)
Infinite VOT (Test B)
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Figure2. Minimum Impedance Paths for the NodBair 703512160 in Calib36 and Test C Scenarios

Twice VOT (Test C)
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Figure3. Minimum Impedance Paths for the Nodeair 703512160 by Income Category in Test G Scenario

Test G Low Income

Test G Medium Income

Test G High Income
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Figure4. Minimum Impedance Paths for the NodRair 712214878 in Calib36, Test A and Test B Scenarios
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air 712214878 in Calib36 and Test C Scenarios

Paths for the Node

Figure5. Minimum Impedance
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Figure6. Minimum Impedance Paths for the NodBair 712214878 by Income Category in Test G Scenario
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